UNCLASSIFIED 

ad  431736 

DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


ROTXCI;  Watn  government  or  other  drewings,  speci¬ 
fications  or  other  data  are  uaad  for  any  purpose 
otbar  than  in  aonnaction  vith  a  4* finitely  related 
government  procurement  operation,  the  U.  8. 
Oovewaant  thereby  Incur*  no  reepcneibllity,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Ck>v*m- 
sent  may  have  formulated,  fumlahad,  or  la  any  way 
•upplled  the  aaid  drawing*,  apeolfloatlona,  or  other 
data  i*  not  to  he  regarded  by  Implication  or  other* 
vie*  ae  is  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  right* 
or  pemleelon  to  manufacture,  use  or  sail  aay 
patented  invention  that  aay  in  any  way  be  related 
thereto. 


- to 

co 

i> 

IH 

I  00 

‘ 


/£,<■/  fvj 


TEMPERATURE-YIELD  STRENGTH 
CORRELATION  OF  THE  CRATER  SIZE 
PRODUCED  IN  ALUMINUM  BY  THE 
HV  PER  VELOCITY  IMPACT  OF 
ALUMINUM  SPHERES 


UNITED  STATES  NAVAL  ORDNANCE  LABORATORY,  WHITE  OAK.  MARYLAND 


<N 

<fr 


I 

CO 

-O 


/w'/»  #A£>n 


UNCLASSIFIED 
NOLTR  63-142 


Ballistics  Research  Report  103 


TEMPERATURE -YIELD  STRENGTH  CORRELATION  OF  THE  CRATER 
SIZE  PRODUCED  IN  ALUMINUM  BY  THE  HYPERVELOCITY 
IMPACT  CF  ALUMINUM  SPHERES  j 


s  '  / 

(y...*  ftrapawed  by: 

jJR.  Places! ,  R.  H.  Waser  and  V.  C.  D.  Dawson. 


ABSTRACT!  -^An  Investigation  was  made  to  determine  the 
correlation  between  target  temperature  and  target  yield 
strength  for  the  hypervelocity  impact  of  aluminum  spheres  upon 
seml-lnflnlte  aluminum  targets.  It  was  shown  that  an  exact 
correlation  does  exist.  In  the  velocity  range  covered  In  the 
experiment  (12,700  feet  per  second  to  21,750  feet  per  second) 
the  crater  volume  was  dependent  on  the  -.396  power  of  the 
yield  strength.  It  was  also  observed  that  a  transition  region 
exists  at  an  impact  velocity  of  about  13,000  feet  per  second, 
such  that  the  erater  volume  is  not  linearly  dependent  on  the 
kinetic  energy  of  the  projectile,  but  that  for  velocities 
from  13,000  feet  per  second  and  up  to  at  least  21,750  feet 
per  second  the  crater  volume  is  dependent  on  the  velocity 
to  the  1.78  power ^ 
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INTRODUCTION 

A  prerequisite  for  the  complete  formulation  rf  the  effects 
of  high-velocity  particles  Impacting  on  a  thick  target  is  the 
understanding  of  the  basic  physical  processes  involved.  Each 
of  the  large  number  of  variables  which  appear  to  Influence  the 
resulting  erater  dimensions  and  their  interdependence  must  be 
evaluated. 

Although  it  is  generally  recognized  that  some  mechanical 
..strength  property  of  the  target  and  its  temperature  dependence 
is  important  in  the  craterirg  process,  no  experiments  have  tied 
down  this  temperature-3trength  correlation.  An  investigation 
was  made  to  determine  if  there  is  an  exact  correlation  between 
the  target  yield  strength  and  the  target  temperature. 


EXPERIMENT 

It  has  generally  been  known  that  the  erater  size  1b 
dependent  on  the  mechanical  strength  of  the  target.  Experi¬ 
ments  have  also  been  conducted  demonstrating  that  heating  the 
target  caused  larger  craters  to  result  from  Impacts  (ref.  (1)). 
It  has  also  been  pointed  out  that  when  the  temperature  Is 
varied,  anomalies  in  the  crater  dimensions  appear  at  tempera¬ 
tures  where  anomalies  occur  in  the  strength  of  the  target 
material  (ref.  (2)).  Otherr-  have  shown  that  a  favorable 
graphical  comparison  exists  between  the  cratering  efficiency 
and  the  target  tensile  strength  as  a  function  of  temperature 
(ref.  (3))<  The  question  arises  then,  as  to  whether  an  exact 
correlation  in  crater  size  exists  between  the  target  tempera¬ 
ture  ..id  a  mechanical  property,  such  as  the  yield  strength, 
por  example:  consider  cratering  in  two  targets  of  the  same 
material  but  different  yield  strengths.  If  the  yield  strength 
of  the  two  targets  was  made  equal  by  raising  the  temperature 
of  the  higher-yield  strength  target,  would  equal  size  craters 
be  obtained  for  a  given  Impaot? 

The  experiment  consisted  of  firing  1/4-inch  diameter 
.luminvjn  spheres  into  2-inch  thick,  8-lnch  diameter  aluminum 
targets.  The  targets  were  of  7075-T6,  2Q17-T4  and  7075-0 
aluminum  having  room  temperature  yield  strengths  of  68,500  psi, 
38,500  pal  and  17,000  psi,  respectively.  (These  values  were 
obtained  from  yield  strength  tests  made  on  samples  of  the  target 
material  stock.)  A  range  of  impact  velocities  was  covered  for 
each  of  the  three  different  targets  at  room  temperature  and  the 
resulting  craters  were  measured.  Impacts  were  made  on  four 
7075-T6  targets,  two  which  were  heated  to  380°F  and  two  to 
500°P,  having  true  yield  strengths  of  40,500  psi  and  25,500  pel, 
respectively,  and  on  one  2017-T4  target  heated  to  357°F  having 
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a  true  yield  strength  of  25,500  psi.  (These  yield  strength 
values  were  also  obtained  from  curves  constructed  with  data 
from  yield  strength  tests  made  over  a  range  of  tempararures. ) 

The  crater  volume  was  measured  with  reference  to  the 
original  surface  using  a  low  surface  tension  fluid  and  a 
hypodermic  syringe.  The  depth  was  measured  with  a  depth 
micrometer  and  the  diameter  was  measured  with  an  optical 
comparator.  The  correlation  was  made  with  the  crater  volume 
because  of  the  large  scatter  in  the  depth.  This  scatter  was 
due  to  the  roughness  of  the  craters  in  the  more  brittle 
2017-Tt  and  7075-T6  targets. 

A  log-log  plot  of  the  parameters  Ve/Vp  against  Vn/C0  is 
shown  in  figure  1.  The  room  temperature  constant,  yield 
strength  lines  indicated  that  the  Ve/Vp  was  dependent  On  the 
-.396  power  of  the  yield  strength  at  constant  velocity  (see 
fig.  2)  for  velocities  from  12,600  feet  per  second  to  at  least 
21,750  feet  per  second.  An  interpolation  was  made  for  the 
lines  of  constant  yield  strength  for  the  heated  target 
conditions.  The  experimental  temperature-yield  strength 
correlation  is  seen  to  be  very  good  with  the  exception  of  one 
point  for  one  of  the  7075-T6  targets  which  was  heated  to  38o°F, 
in  which  case  the  point  is  high.  It  should  be  noted  that  the 
slope  of  the  constant  yield  strength  lines  is  not  2  but  1.78, 
indicating  that  a  transition  region  has  appeared.  This  would 
mean  that  we  have  reached  a  region  where  strength  effects  may 
be  starting  to  diminish  in  importance.  The  one  low-velocity 
ahot  into  the  room  temperature  2017 -T4  target  did  not  fall  on 
the  1.78  slope  line  and  therefore  was  assumed  to  be  in  the 
kinetic  energy  dependent  region.  A  line  of  slope  equal  to  2 
was  drawn  through  this  point  to  observe  where  the  transition 
point  might  be.  The  transition  point  for  the  2017 -T4  target 
Is  Indicated  to  be  at  1°,000  feet  per  second.  When  the  point 
is  reached  where  the  strength  effects  can  be  Ignored,  the  slope 
should  be  equal  to  1.0  (ref.  (4))  and  the  lines  of  constant 
yield  strength  should  converge  Into  only  one  line.  In  order 
for  the  lines  to  converge,  the  transition  point  should  occur 
at  lower  velocities  in  the  lower-yield  strength  targets.  A 
line  Indicating  the  possible  transition  point  as  a  function  of 
yield  strength  is  shown  in  figure  1. 

It  was  Intended  to  further  substantiate  the  temperature 
yield  strength  correlation  by  firing  more  shots  into  heated 
targets  and  also  to  investigate  the  transition  region  by  firing 
low-velocity  shots  into  room  temperature  targets.  However, 
sabot  problems  which  depleted  the  supply  of  target  material 
rrevented  a  continuation  of  the  test  at  the  present  time.  It 
is  the  intention  of  the  authors  to  continue  this  invertigation 
more  thoroughly  with  a  new  supply  of  target  materials. 
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The  test  facility  used  for  this  program  was  the  NOL 
Ballistics  Range  No.  2.  This  range  is  a  66-foot--  lor*;,  3-foot 
diameter  tube  which  can  be  evacuated  to  less  than  1  's-m  Hg 
pressure  and  which  Is  equipped  with  projectile  velocity 
measuring  instrumental  on  consisting  of  light  screens  and  time 
Interval  counters.  A  Beckran -Whit ley  192  high-speed  framing 
camera  and  a  flashtube  light  source  were  Installed  for  this 
program  to  photograph  the  impact  of  the  projectile  with  the 
test  targets.  A  0.500-inch  two-stage  light-gas  gun  was  used 
to  accelerate  the  0.250-lnch  aluminum  sphere  projectiles  to 
velocities  up  to  22,000  feet  per  second,  Figure  3  shows  the 
range  facility  setup  schematic,  lly.  The  still  camera  with 
spark  light  source  18  associated  with  the  velocity  measuring 
system  to  provide  a  positive  check  on  its  citation  by 
photographing  the  projectile  which  triggers  the  light  screens. 

For  the  shots  In  which  the  target  was  heated,  a  1,000  watt 
electric  Calrod  heater  was  fastened  to  the  back  side  of  the 
target  and  temperature  was  mcnitored  by  making  use  of  a 
thermocouple  placed  In  a  hole  drilled  In  the  target.  It  wsb 
experimentally  determined  that  the  temperature  gradient  In  the 
target  and  the  Inaccuracy  in  measuring  temperature  amounted  to 
no  more  than  3°F.  Before  firing,  the  projectiles  were  mounted 
in  bore-size  lexan  sabots,  which  were  stripped  off  and  deflected 
as  they  left  the  muzzle  of  the  gun.  The  range  tube  pressure  in 
all  cases  was  decreased  to  leas  than  2  mm  Hg  pressure  to  pre¬ 
vent  the  projectile  from  ablating  before  Its  impact  with  the 
target . 

A  sequence  of  impact  pictures  taken  with  the  high-speed 
framing  camera  are  shown  In  figure  4. 


CONCLUSION 

It  Is  concluded  that  there  is  an  exact  correlation  between 
temperature  and  yield  strength.  The  crater  volume  is  seen  to 
be  dependent  on  the  -.396  power  of  the  yield  strength  for 
impacts  of  aluminum  spheres  on  semi -Infinite  aluminum  target b 
i-  the  velocity  range  from  12,700  feet  per  second  to  21,750 
feet  per  second.  From  a  transition  point  at  about  13,000 
feet  per  second  and  up  to  at  least  21,750  feet  per  second  the 
crater  volume  ia  not  dependent  on  th;?  kinetic  energy  of  the 
projectile  buu  rather  on  the  velocity  to  the  1.78  power. 
Indicating  that  the  strength  effect  on  the  cratering  process 
may  be  diminishing  above  a  velocity  of  13»O00  feet  per  second. 
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